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[57] ABSTRACT

In an air-fuel ratio controlling device which comprises
an exhaust gas sensor for detecting the air-fuel ratio of
mixture and an additional air passage including a bypass
valve and disposed to supply additional air to the down-
stream side of the throttle valve of an engine, the con-
trolling device further comprises a throttle sensor oper-
atively connected to the throttle valve for producing an
output signal corresponding to the opening of the throt-
tle valve, and a control circuit responsive to the signal
from the throttle sensor whereby a predetermined time
period after the occurrence of a change in the opening
of the throttle valve is discriminated as the acceleration
or deceleration period of the engine and the bypass
valve is driven at one or the other of two speed depend-
ing on whether the engine is in the accleration/deceler-
ation operating condition or other operating conditions.

4 Claims, 5 Drawing Figures
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1
AIR-FUEL RATIO CONTROLLING DEVICE

The present invention relates to an air-fuel ratio con-

trolling device for an internal combustion engine 5

wherein the air-fuel ratio of the mixture is feedback

controlled to be substantially constant irrespective of
the operating conditions of the engine and thereby ac-

complish the desired exhaust emission control of the
engine.

Conventional air-fuel ratio controlllng devices of the
above type are so constructed that the air-fuel ratio of

the mixture is detected from the oxygen content of the
exhaust gases or the like by a gas sensor mounted in the
exhaust system of the engine and a valve which controls
the amount of additional air is operated in response to
the signal from the gas sensor to thereby feedback con-
trol the air-fuel ratio of the mixture at the correct value.

However, these conventional systems are not fully
satisfactory in that excepting the effect of variations in
the air-fuel ratio, the effects of other factors of the en-
gine are not practically taken into consideration.
Namely, the conventional devices are disadvantageous
in that the delay time between the occurrence of a
change in the air-fuel ratio in the intake system of an
engine and the detection of the change by the gas sensor
mounted in the exhaust system varies considerably
under different operating conditions of the engine and
consequently in the feedback control of the air-fuel
ratio the range of variations of the air-fuel ratio is
greatly affected by the delay time during acceleration
and deceleration periods of the engine thus making it
impossible to ensure satisfactory control of the air-fuel
ratio.

Another disadvantage is that if the control is effected
- to suit the acceleration and deceleration operating con-
ditions of the engine, in the low speed, light load range
of the engine the range of variations in the air-fuel ratio
1s increased thus deteriorating the purfication percent-
age of a catalyst for purifying the exhaust gases dis-
charged from the engine and moreover a surging phe-
nomenon 1s caused during running of the vehicle with
the resultlng deterioration of its drivability.

With a view to overcoming the foregoing dlfﬁculty,
it 1s an object of the present invention to provide an
air-fuel ratio controlling device for an internal combus-
tion engine of the type in which the operation of a
bypass valve is feedback controlled in response to the
signal from a gas sensor, wherein there are further pro-
vided a throttle sensor operatively connected to the
throttle valve of the engine to produce a signal corre-
sponding to the opening of the throttle valve and a
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control circuit responsive to the signal from the throttle
sensor whereby a predetermined period after the occur-

rence of a change in the opening of the throttle valve is
discriminated as the acceleration or deceleration period
of the engine and the operating speed of the bypass
valve is changed from one speed to another depending
on whether the engine is in the acceleration/decelera-
tion operation or other operations, thereby reducing the

effect of the system delay time to always control the

air-fuel ratio satisfactorily and ensure full display of the

33

ability of a catalyst and eliminating the possibility of a

surging phenomenon to ensure an improved drivability.

These and other objects, features and advantages of 65

the present invention will be apparent from the follow-
ing detailed description taken in conjunction with the
accompanying drawings, in which:

2

FIG. 1 1s a schematic diagram showing the overall
construction of an embodiment of the invention.

FI1G. 2 is a circuit diagram of the electromc control
unit shown in FIG. 1.

FIGS. 3A and 3B are waveform diagrams useful fer
explalmng the operation of the reversible Shlft reglster'
shown in FIG. 2.

FIG. 4 1s an output charactenstlc dlagram of the gas
sensor shown in FIG. 2. -

The present invention will now be descnbed in
greater detail with reference to the illustrated embodi-
ment.

Referring to FIG. 1 illustrating the overall system of
the invention, an internal combustion engine 1 is the
conventional spark-ignition, four-cycle engine and air-
fuel mixture is supplied to the engine 1 by a carburetor
2 through an intake manifold 3. The carburetor 2 having

a main passage, is of the conventional type and it has
been set to produce an air-fuel mixture which is slightly

rich as compared with the desired air-fuel ratio de-
manded by the engine 1.

Disposed in the exhaust system of the engine 1 are an
exhaust manifold 4 and a three-way catalytic converter
9 and also mounted in the exhaust manifold 4 is a gas
sensor 6 which detects by a metal oxide such as zirco-
nium dioxide or titanium dioxide the content of oxygen,
a constituent, of the exhaust gases. Where the gas sensor
6 employs zirconium dioxide, for example, as shown in
FIG. 4, the gas sensor 6 comes into operation at around
the stoichiometric air-fuel ratio so that when the de-
tected air-fuel ratio is rich (small) as compared with the
stoichiometric one, it produces an electromotive force
between 80 and 100 mV, whereas when the detected
air-fuel ratio is lean (large) as compared with the stoi-
chiometric one, the resulting electromotive force is on
the order of 10 to 0 mV. An electronic control unit 7 is
responsive to the signals from the gas sensor 6, etc., to
drive a four-phase pulse motor 8 in a selected direction.
The pulse motor 8 operates a bypass valve 10 mounted
in an additional air passage or a bypass passage 9 to
open and close and the drive shaft of the pulse motor 8
1s connected to the bypass valve 10. The bypass valve
10 1s a known butterfly valve and there is provided a full
closed position switch 11 so that when the bypass valve
10 is in its fully closed position, this is detected and a
fully closed position signal is produced and applied to
the control unit 7.

An arbitrarily actuatable throttle valve 12 is mounted
in the downstream portion of the carburetor 2 and the
upstream portion of the carburetor 2 includes an air
cleaner 13. The additional air passage 9 is disposed to
communicate the air cleaner 13 with the downstream
side of the throttle valve 12.

A throttle sensor 14 senses acceleration and decelera-
tion of the engine 1 which are delay time factors and in
the present embodiment the throttle sensor 14 com-
prises a potentiometer operatively connected to the
throttle valve 12 and so set that its resistance value
Increases in proportion to increase in the opening of the
throttle valve 12. |

The throttle sensor 14 and the fully closed pesumn
switch 11 are connected to the electronic control unit 7
which in turn receives as its input signals the signals
from the throttle sensor 14 and the fully closed position
switch 11 in addition to the signal from the gas sensor 6,
so that the direction of rotation and the rotational speed
of the four-phase pulse motor 8 constituting a part of the
controlling means are controlled in accordance with
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these input signals and the amount of additional air is
varied to thereby control the air-fuel ratio of the mix-
ture correctly.

The control unit 7 will now be described in greater
detail with reference to FIG. 2. A comparison circuit 7a
comprises an input resistor 101, voltage dividing resis-
tors 102 and 103, and a differential operational amplifier
(OP AMP) 104, and the OP AMP 104 has its noninvert-
ing input terminal connected to the gas sensor 6 through
the input resistor 101 and 1its inverting terminal to the
voltage dividing point of the dividing resistors 102 and
103. Thus, the comparison circuit 7¢ compares its input
voltage with a preset voltage preset by the voltage
dividing resistors 102 and 103 (i.e., the voltage practi-
cally equal to the electromotive force produced by the
gas sensor 6 at the stoichiometric air-fuel ratio), so that
a *“1” level signal is produced at its output terminal A
when the input voltage is higher than the preset voltage
or richer than the stoichiometric one, whereas a “0”
level signal is produced at the output terminal A when
it 1s lJower than the preset voltage or leaner than the
stoichiometric one.

An acceleration/deceleration detection circuit 76
which constitutes an input section for receiving the
signal from the throttle sensor 14, comprises an acceler-
ation detection circuit 7b; including resistors 105, 106
and 109, a diode 107, a capacitor 108 and an OP AMP
110, and a deceleration detection circuit 754, including
resistors 111, 112 and 113, a diode 114, a capacitor 115
and an OP AMP 116.

The acceleration detection circuit 7b, is designed so
tht 1t produces a “0” level signal only for a predeter-
mined time after the beginning of acceleration of the
engine 1 in response to the signal from the throttle sen-
sor 14. In other words, the acceleration detection cir-
cuit 7b; receives as its input signal a voltage Vyat a
variable terminal B of the potentiometer constituting
the throttle sensor 14 and a voltage V. at a voltage
dividing point C of the resistors 105 and 109 and a volt-
age Vpat a terminal D of the capacitor 108 are so set
that a relation V>V is established between the volt-
ages Ve and Vp during the normal operation of the
engine 1 (namely, when the opening of the throttle
valve 12 1s maintained constant) and the output of the
OP AMP 110 goes to the “1” level. Then, as the engine
1 1s accelerated so that the throttle valve 12 is opened
and the voltage Vpat the terminal B of the potentiome-
ter rises, in response to this input signal the voltage V-
Increases without any time delay and the voltage V
Increases with a delay due to the integration action of
the resistor 106 and the capacitor 108. Consequently,
during the acceleration period the relation between the
voltages V- and Vp becomes V<V for a predeter-
mined time in response to the opening movement of the
throttle valve 12 and thus the output of the OP AMP
110 becomes Vp — V4, namely, it goes from the “1” to
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“0” level. When the voltage V pincreases at the expira-

tion of the predetermined time, the relation is returned

to Vp>Vcand the output of the OP AMP 110 goes
back to the “1” level.

During the deceleration period of the engine 1, al-
though the voltage Vgat the terminal B of the potenti-
ometer decreases, the capacitor 108 is rapidly dis-
charged by the diode 107 so that the output of the OP
AMP 110 does not change its state and an excellent
acceleration detection sensitivity is ensured against

rapid repetitions of alternate acceleration and decelera-
tion.

635

4

The deceleration detection circuits 75, operates prac-
tically in the same manner as the acceleration detection
circuit 75, namely, it produces a “1” level signal only
for a predetermined time after the beginning of deceler-
ation of the engine 1 in response to the signal from the
throttle valve 12. In other words, the deceleration de-
tection circuit 7b, receives as its input signal the output
voltage Vzof the potentiometer and a voltage Vat a
voltage dividing point E of the voltage dividing resis-
tors 111 and 112 and a voltage Vgat a terminal F of the
capacitor 115 are so set that a relation V> Vzholds

therebetween during the normal operation of the engine

1 (namely, when the opening of the throttle valve 12 is
maintained constant) and the output of the OP AMP

116 goes to the “0” level. Then, during deceleration of
the engine 1 the output voltage V zof the potentiometer
decreases in response to the closing of the throttle valve
12, so that in response to this input signal the voltage
Vgincreases without any time delay and the voltage V
decreases with a delay due to the integration action of
the resistor 113 and the capacitor 115. Consequently,
during the deceleration period the relation between the
voltages Vgand Vzbecomes V<V only for a prede-
termined time and the output of the OP AMP 116 be-

comes Vg — Vg, namely, the output goes from the “0”

iil!!‘

to level. When the voltage V zdecreases at the expi-
ration of the predetermined time, the relation V>V zis
restored and the output of the OP AMP 116 goes back
to the “0” level.

Further, while the output voltage Vyof the potenti-
ometer increases during acceleration periods of the
engine 1, the capacitor 115 is rapidly discharged by the
diode 114 with the result that the output of the OP
AMP 116 does not change its state and an excellent
deceleration detection sensitivity is ensured against
rapid repetitions of alternate acceleration and decelera-
tion.

A pulse generating circuit 7¢ comprises an oscillator
circuit including inverters 117, 118 and 119, resistors
120 and 121 and a capacitor 122 for producing clock
pulses and a frequency divider 123 employing a binary
counter for dividing the frequency of the clock pulses.
The outputs of the pulse generating circuit 7¢ are deliv-
ered from frequency dividing outputs Q;, Q, and Q; of
the frequency divider 123 and the output pulse frequen-
cies are preset so that Q,>Q,> Q..

A timing circuit 7d comprises an acceleration timing
circuit 7d; and a deceleration timing circuit 7d, each of
which 1s responsive to the signal from the accelera-
tion/deceleration detection circuit 76 to produce a “1”
level signal for a predetermined period. More specifi-
cally, the acceleration timing circuit 7d, comprises a
first one-shot circuit including an inverter 125, a
NAND gate 125, a resistor 129 and a capacitor 130 and
a first timer circuit including NAND gates 133 and 134,
an inverter 135 and a frequency divider 136 for produc-
ing a 3 frequency divided ouput X, and a } frequency
divided output X,, and the deceleration timing circuit
7d,similarly comprises a second one-shot circuit includ-
ing inverters 126 and 127, a NAND gate 128, a resistor
131 and a capacitor 132 and a second timer circuit in-
cluding NAND gates 137 and 138, an inverter 139 and
a frequency divider 140 for producing a 3 frequency
divided output Y,and a § frequency divided output Y,.

During acceleration and deceleration periods of the
engine 1, the first and second one-shot circuits respond
respectively to the signals from the acceleration and
deceleration detection circuits 75, and 7b, and apply a
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reset signal to the frequency dividers 136 and 140, re-
spectively, thus causing the first and second timer cir-
cuits respectively to come into operation. In this case,
the timing settings of the outputs from the first and
~second timer circuits are respectively determined by the
~ frequency divided outputs of the frequency dividers 136
~ and 140 which are applied to the NAND gates 134 and
138. For example, if f, represents the frequency of the
clock pulse produced from the output Q; of the pulse
generating circuit 7¢, during the acceleration period the
first timer circuit comes into operation in response to a

10

reset signal, so that a 4 frequency divided output X;and

“a 3} frequency divided output X, are applied to the
NAND gate 134 and thus the output of the NAND gate
134 is held at the ““1” level for the duration of 3//; sec-

- onds (including the maximum error of —4f; seconds)

after the reception of the reset signal from the first

15

one-shot circuit. Similarly, during the deceleration per-

iod the second timer circuit comes into operation in
response to a reset signal, so that a § frequency divided
output Y; and a § frequency divided output Y, are ap-
plied to the NAND gate 138 and the output of the
NAND gate 138 is held at the “1” level for 5/f, seconds
after the receipt of the reset signal from the second
one-shot circuit.

Thus, as the output of the timing circuit 7d, a “1”

level signal is produced at its output terminal H or G for
 a predetermined time after the time of operation of the
throttle valve 12 during the acceleration or deceleration
operation and this time interval is discriminated as the
acceleration or deceleration period.

A frequency selection circuit 7e comprises inverters
201, 202 and 204 and NAND gates 203, 205, 206 and 207
and it is responsive to the signal from the timing circuit
7d to discriminate whether the engine 1 is under the
acceleration/deceleration operating condition or the
normal operating condition, thus selecting the output
pulses of the corresponding frequency from the pulse
generating circuit 7c¢ and applying the pulses to a com-
mand circuit 7/ In other words, during the acceleration
or deceleration period, the output of the NAND gate
203 goes to the “1” level thus causing the frequency
divided output Q, of the pulse generating circuit 7c¢ to
appear at an output terminal I of the frequency selection
circuit 7e, whereas during the normal operation the
output of the NAND gate 203 goes to the “0” level thus
causing the frequency divided output Q,to appear at the
output terminal I. The fully closed position switch 11
comprises a resistor 11a and switch 115 whereby when
the bypass valve 10 is in the fully closed pOSltlﬂn, the

switch 115 is closed and a “0” level signal is produced
~ at an output terminal J.

The command circuit 7f comprises inverters 208 and
209 and NOR gates 210 and 211 and it receives as its
input signals the signals from the comparison circuit 7q,
the frequency selection circuit 7e and the fully closed
position switch 11. More specifically, the output of the
comparison circuit 7a is applied to the NOR gate 210
through the inverter 208 and to the NOR gate 211 di- 60
rectly and thus a “0” level signal is applied to one of

these NOR gates depending on whether the air-fuel
- mixture is rich or lean (i.e., whether the air-fuel ratio is
smaller or greater than a preset air-fuel ratio). The out-
put of the frequency selection circuit 7e is directly ap-
plied to the NOR gates 210 and 211, respectively, and
the output of the fully closed position switch 11 is also

- applied to the NOR gate 211 through the inverter 209.
The outputs of the NOR gates 210 and 211 are supplied
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respectively to input terminals O and P of a reversible
shift register 7g, so that one of the NOR gates 210 and
211 is opened depending on whether the air-fuel mix-
ture is rich or lean and depending on whether the en-
gine 1 is in the acceleration/deceleration or normal
operating condition the pulses of the corresponding

frequency are applied from the pulse generating circuit
7c to the reversible shift register 7g¢¢ When the pulse
signals are applied to the input terminal O of the revers-
ible shift register 7, its output terminals Q;, Q,, Q;and
Q, are sequentially shifted as shown in FIG. 3A. On the
contrary, when the pulse signals are applied to the input
terminal P, the output terminals Qq, Qs, Q2 and Q, are
sequentially shifted as shown in FIG. 3B. These output
terminals Q1, Qz, Qs and Qs are connected to a switch-
ing circuit 74 comprising resistors 145,146,147 and 148,

transistors 149, 150, 151 and 152 and back electromo-
tive force absorbing diodes 153, 154, 155 and 156 and
the switching circuit 74 is in turn connected to field
coils Ci, Cz, C3 and C; of the four-phase pulse motor 8.
When the pulse signals are applied to the input terminal
O of the reversible shift resister 7g, the transistors 149,

150, 151 and 152 are sequentially turned on and the

field coils C;, Cz, Cs and C, are similarly energized two
phases at a time, thus rotating the rotor of the pulse
motor 8 in the direction of the arrow in FIG. 2 and
thereby rotating the bypass valve 10 in a direction
which opens it. On the contrary, when the pulse signals
are applied to the terminal P, the rotor of the pulse
motor 8 is rotated in a direction opposite to the direc-
tton of the arrow and the bypass valve 10 is rotated in a
direction which closes it.

The control unit 7 and the pulse motor 8 are supplied
with power from a battery Ba by way of an ignition key
switch KS of the engine 1.

With the construction described above, in the normal
operation of the engine 1, the throttle valve 12 is main-
tained in a fixed position and the output signal of the
acceleration/deceleration detection circuit 70 remains
unchanged. Consequently, the timing circuit 7d pro-
duces no reset signal and the output of the NAND gate
203 in the frequency selection circuit 7e remains at the
“0” level. As a result, the NAND gate 205 is opened
and the frequency divided output Q, or the low fre-
quency output pulses of the pulse generating circuit 7¢
are delivered as the output of the frequency selection
circuit 7e and applied to the command circuit 7f The
command circuit 7f applies the low frequency pulses to
the input terminal O or P of the reversible shift register
7g in accordance with the signal from the comparison
circuit 7a and the pulse motor 8 is rotated in the corre-
sponding direction, thus operating the bypass valve 10

- and thereby controlling the flow rate of additional air to

55
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maintain the air-fuel ratio of mixture at a predetermined
value, for example, the stoichiometric one. In this case,
since the pulse motor 8 is operated by the low frequency
pulses, by settmg this pulse frequency to one which is
suitable for use in the low speed, light load range of the
engine, it is possible to operate the bypass valve 10 at a
60 proper Operatmg speed with the result that the amount
of additional air supplied to the intake manifold 3 1is
properly controlled and thereby reducing the danger of
the amount of additional air supply becoming exces-
sively large or small due to the effect of the system
delay time and maintaining the control range of the
air-fuel ratio of mixture small.

Dunng the acceleration or deceleration penod of the
engine 1, the opening of the throttle valve 12 is changed
so that the output of the acceleration/deceleration de-
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tection circuit 76 changes its state for a predetermined
time and a reset signal 1s produced from one of the first
and second one-shot circuits of the timing circuit 7d.
The reset signal is applied to either the frequency di-
vider 136 or 140 which in turn produces the corre-
sponding frequency divided outputs and a “1” level
signal is produced for a predetermined time at the out-
put terminal H or G of the timing circuit 7d. In this way,
a predetermined time interval following a change in the
opening of the throttle valve 12 and the resulting pro-
duction of a reset signal is discriminated as the accelera-
tion or deceleration condition, namely, a time period
sufficient for dealing with the acceleration or decelera-
tion of the engine 1 1s discriminated as the acceleration
or deceleration period. Thus, during the acceleration
period, the output of the NAND gate 203 of the fre-
quency selection circuit 7e goes to the “1”° level and the
NAND gate 206 1s opened. Consequently, the fre-
quency divided output Q; or the high frequency output
pulses of the pulses generating circuit 7c are delivered
as the output of the frequency selection circuit 7e and
applied to the command circuit 7f Then, in the similar
manner as during the normal operation, the pulse motor
8 1s operated in the driving direction determined by the
signal from the comparison circuit 7a and the air-fuel
ratio of mixture is compensated. Thus, the pulse motor
8 1s operated by the high frequency pulses at a high
operating speed well suited for the acceleration or de-
celeration operation and moreover the acceleration and
deceleration conditions are not discriminated as the
transient acceleration and deceleration which occur
only when the opening of the throttle valve 12 is
changed, but are discriminated as the acceleration and
deceleration periods each corresponding to a predeter-
mined time determined by the timing circuit 7d. Conse-
quently, the pulse motor 8 i1s operated sufficiently for
the duration of a time required during the acceleration
and deceleration periods of the engine 1 and the amount
of additional air supplied into the intake manifold 3 is
rapidly controlled for the required time corresponding
to the acceleration and deceleration, thus reducing the
control range of the air-fuel ratio of mixture. In this
way, the driving direction as well as the driving speed
of the bypass valve 10 are always properly selected and
determined and the optimum feedback control is ac-
complished throughout the range of operating condi-
tions of the engine 1.

In the acceleration and deceleration conditions or the
transient conditions of the engine, an improved follow
up or response characteristic is ensured for the transient
response of the feedback control for rapidly compensat-
ing the air-fuel ratio and moreover the operating speed
of the bypass valve can be properly set for the steady-
state conditions to thereby reduce the effect of the sys-
tem delay time under the low speed, light load condi-
tions. Thus, there is a remarkable effect of reducing the
control range of the air-fuel ratio, improving the purifi-
cation percentage of the exhaust gas purifying catalyst
especially, three-way catalytic converters and eliminat-
ing the problem of surging. Further, since the feedback
control is effected by discriminating as the acceleration
or deceleration period a time interval following a
change in the opening of the throttle valve, the adjust-
ment of detection sensitivity in response to differences
in the amount of depression of the accelerator pedal
which operates the throttle valve can be easily effected
and moreover there is no possibility of deterioration in
the detection sensitivity even against repetitions of ac-
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celeration and deceleration, thus ensuring detection of
accelerations and decelerations with improved accu-
racy to accomplish the feedback control.

The present invention is not intended to be limited to
the above-described embodiment. For example, while
the timing circuit for discriminating as the acceleration
or deceleration period a predetermined time after the
production of a signal from the acceleration/decelera-
tion detection circuit is comprised of a digital circuit, it
may be comprised of an analog circuit. Further, while,

in the above-described embodiment, the amount of ad-
ditional air 1s feedback controlled in the intake system,

the similar effects may be obtained by applying the
present invention to a system in which the amount of
additional air supplied into the exhaust system by an air
pump or the like, i.e., the secondary air is feedback
controlled to control the so-called exhaust gas air-fuel
ratio. Still further, while the pulse motor is operated at
the same speed during the acceleration periods as well
as the deceleration periods, a different operating speed
may be used independently for each of the acceleration
and deceleration periods.

What 1s claimed is:

‘1. An air-fuel ratio controlling device for an internal
combustion engine which has an intake system and an
exhaust system comprising:

a carburetor connected to the intake system of said
internal combustion engine for supplying a rich
air-fuel mixture, said carburetor including an intake
passage and a throttle valve disposed in said intake
passage for controlling the amount of intake air-
flow flowing therethrough, said carburetor also
including a bypass passage for supplying additional
air and a bypass valve disposed in said bypass pas-
sage for compensating the air-fuel ratio of the air-
fuel mixture by controlling the amount of addi-
tional air-flow flowing therethrough;

a drive motor coupled to said bypass valve for driv-
ing the same;

gas sensing means mounted in the exhaust system of
said engine for sensing the oxygen content of the
exhaust gases and deriving an electrical sensing
signal;

throttle sensing means coupled to said throttle valve
for producing a signal corresponding to the open-
ing degree of said throttle valve; and

electronic control means electrically connected to
said drive motor, said gas sensing means and said
throttle sensing means for driving said drive motor
in response to the signals from said gas sensing
means and said throttle sensing means, said elec-
tronic control means including a comparison cir-
cuit for receiving the signal from said gas sensing
means and comparing the same with a predeter-
mined value to determine the direction of opera-
tion of said drive motor, an acceleration/decelera-
tion detection circuit for receiving the signal from
said throttle sensing means and sensing a rapid
change in the opening degree of said throttle valve
to change the state of the output signal thereof for
a predetermined period after said change in the
throttle opening, a timing circuit electrically con-
nected to said acceleration/deceleration detection
circuit for discriminating a predetermined time
after the change in said output signal as an ac-
celerator/deceleration period of said engine and
thereby producing a timing signal, and a circuit for
receiving said timing signal whereby said drive
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motor is operated at a first speed during said ac-
celeration/deceleration period, whereas said drive
motor 1s operated at a second speed lower than said
first speed during engine operations other than said
acceleration/deceleration period, thereby main-
taining the air-fuel ratio substantially at a stoichio-
metric air-fuel ratio.

2. An air-fuel ratio controlling device for an internal
combustion engine which has an intake system and an
exhaust system comprising: |

mixture supply means provided in the intake system
of said internal combustion engine for supplying a
mixture of intake air and fuel to said engine, said

- mixture supply means including an intake passage
and a throttle valve disposed in said intake passage
for controlling the amount of said intake air;

gas sensing means mounted in the exhaust system of
said engine for sensing the composition of exhaust
gases flowing therethrough and deriving an electri-
cal signal; |

means defining a passage for supplying additional air
to the upstream side of said gas sensing means in
said engine;

a bypass valve disposed in said passage means for
controlling the amount of the additional air there-
through; -

drive means coupled to said bypass valve for driving
said bypass valve to open and close;

throttle sensing means coupled to said throttle valve

- for producing a signal corresponding to the open-
ing degree of said throttle valve; and

a control unit operatively connected to said gas sens-
ing means, said throttle sensing means and said
drive means, said control unit being responsive to
the signal from said gas sensing means for driving
said drive means in selected one of the bypass valve
opening and closing directions thereof, said control
unit being responsive to the signal from said throt-
tle sensing means for sensing a rapid change in the
opening degree of said throttle valve and discrimi-
nating a predetermined time after said rapid change
in the opening degree of said throttle valve as an
acceleration/deceleration period of said engine,
whereby said drive means is operated rapidly dur-
ing said acceleration/deceleration period, whereas
said drive means is operated at a lower speed dur-
ing other operations of said engine.

3. A device according to claim 1, wherein said throt-
tle sensing means includes a potentiometer having a
‘variable terminal, and wherein said acceleration/decel-
eration detection circuit comprises an acceleration de-
tection circuit including a first differential amplifier
having two input terminals, a first L-circuit including
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first and second resistors and interconnecting one of the
input terminals of said first differential amplifier, said
variable terminal and a ground terminal, a second L-cir-
cuit including a third resistor and a first capacitor and
interconnecting the other input terminal of said first
differential amplifier, said variable terminal and said
ground terminal and a first diode connecting the junc-
tion point of said first capacitor and said third resistor to
said variable terminal for allowing rapid discharge of
said first capacitor, and a deceleration detection circuit
including a second differential amplifier having two
input terminals, a third L-circuit including fourth and
fifth resistors and interconnecting one of the input ter-
minals of said second differential amplifier, said variable
terminal and a power supply terminal, a fourth L-circuit
including a sixth resistor and a second capacitor and
interconnecting the other input terminal of said second
differential amplifier, said variable terminal and said
power supply terminal, and a second diode connecting
the junction point of said second capacitor and said
sixth resistor to said variable terminal for allowing rapid
charge of said second capacitor.

4. A device according to claim 2, wherein said throt-
tle sensing means includis a potentiometer having a
variable terminal, and wherein said control unit com-
prises an acceleration/deceleration detection circuit
including an acceleration detection circuit including a
first differential amplifier having two input terminals, a

- first L-circuit including first and second resistors and

interconnecting one of the input terminals of said first
differential amplifier, said wvariable terminal and a
ground terminal, a second L-circuit including a third
resistor and a first capacitor and interconnecting the
other input terminal of said first differential amplifier,
said variable terminal and said ground terminal and a
first diode connecting the junction point of said first
capacitor and third resistor to said variable terminal for
allowing rapid discharge of said first capacitor, and a
deceleration detection circuit including a second differ-
ential amplifier having two input terminals, a third L-
circuit including fourth and fifth resistors and intercon-
necting one of the input terminals of said second differ-
ential amplifier, said variable terminal and a power
supply terminal, a fourth L-circuit including a sixth
resistor and a second capacitor and interconnecting the
other input terminal of said second differential ampli-
fier, said variable terminal and said power supply termi-
nal and a second diode connecting the junction point of
said second capacitor and said sixth resistor to said

variable terminal for allowing rapid charge of said sec-

ond capacitor.
x % %k % %
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